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In or der to ad dress con cern about ra don ex ha la tion in build ing ma te rial, ra don ex ha la tion rate
was de ter mined for dif fer ent gran ites avail able on Ser bian mar ket. Ra don ex ha la tion rate, along
with mass ex ha la tion rate and ef fec tive ra dium con tent were de ter mined by closed cham ber
method and ac tive con tin u ous ra don mea sure ment tech nique. For this re search, spe cial cham bers
were made and tested for back dif fu sion and leak age, and the ra don con cen tra tions mea sured
were in cluded in the cal cu la tion of ra don ex ha la tion. The ra don ex ha la tion rate ranged from
0.161 Bq/m2h to 0.576 Bq/m2h, the mass ex ha la tion rate from 0.167 Bq/kgh to 0.678 Bq/kgh,
while the ef fec tive ra dium con tent was found to be from 12.37 Bq/kg to 50.23 Bq/kg.  The re sults 
in di cate that the granites used in Ser bia have a low level of ra don ex ha la tion.
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IN TRO DUC TION
Ra don (222Rn) is nat u rally ex ist ing ra dio ac tive
gas with a half-life of 3.83 d, which em a nates from soil 
as well as from build ing ma te ri als, into out door or in -
door air. Ra don de cays into se ries of short-life prog eny 
(218Po, 214Pb, 214Bi, and 214Po), which could be in haled 
into the hu man re spi ra tory tract and im pose a sig nif i -
cant health haz ard for the pop u la tion. There is a con -
sid er able pub lic con cern about ra don ex ha la tion from
build ing ma te ri als, es pe cially those used for in te rior
dec o ra tion such as gran ite tiles that are con sid ered as
an im por tant source that con trib utes to in door ra don
con cen tra tion through ex ha la tion from walls and
floors [1].
Ra don gas is formed in side build ing ma te ri als by 
de cay of the par ent nu clide 226Ra. How ever, it is not
pos si ble to de ter mine the ra don ex ha la tion rate sim ply
from the ac tiv ity con cen tra tion of 226Ra. In stead, one
must mea sure ra don ex ha la tion rates di rectly from the
sur face of the ma te rial, es pe cially for gran ites [2,
3].Var i ous meth ods have been de vel oped for mea sur -
ing the ra don ex ha la tion rate from build ing ma te ri als,
such as the ac cu mu la tion method, first pro posed by the 
Law rence Berke ley Lab o ra tory, the char coal method,
and the solid state nu clear track de tec tor method [4-9].
In ad di tion, the closed cham ber method, es sen tially a
kind of ac cu mu la tion method, which takes into ac -
count the leak age of the ac cu mu la tion cham ber and the 
back dif fu sion rate, is widely used for mea sure ment of
ra don ex ha la tion rate from build ing ma te ri als [10]. For 
ap pli ca tion of this method it is nec es sary to con duct
con tin u ous mon i tor ing of ra don con cen tra tion in side
the cham ber.
Ra don ex ha la tion rates from build ing ma te ri als
vary widely and some build ing ma te ri als may con trib -
ute sig nif i cantly to in door ra don lev els. Al though
many data are avail able, es pe cially for gran ites com -
monly used in home dec o ra tion, large vari abil ity has
made the ex ist ing data in suf fi cient to con clude which
types of gran ites have higher ra don ex ha la tion rate
than oth ers. Even though such vari a tion of ra dio ac tiv -
ity in nat u ral ma te ri als can not be re duced by con duct -
ing more and in ten sive mea sure ments, it is of in ter est
to as sess ra don con tri bu tion from build ing ma te ri als
com monly avail able in the Ser bian mar ket, and to ver -
ify whether gran ite ma te ri als used in Ser bian homes
have any dif fer ence in ra don ex ha la tion char ac ter is tics  
com pared to the re ported data [11-14].
THE O RET I CAL AP PROACH
The ra don ex ha la tion rate E0 is de fined as the
quan tity of ra don ac tiv ity lib er ated from the sur face
area of build ing ma te ri als per unit time [Bqm–2h–1].
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Us ing this value and the area of the in door sur face, ra -
don em a nated per unit time could eas ily be cal cu lated
and used to es ti mate the ra don con cen tra tion in the in -
door en vi ron ment.
Among var i ous tech niques for de ter min ing ra -
don ex ha la tion rate, a closed cham ber tech nique was
cho sen for this re search and a spe cial glass cham ber
was made for this pur pose. The sam ple un der study
was sealed in side the cham ber un til sat u ra tion time oc -
curred.
As the ra don con cen tra tion around the sam ple
grows, ra don at oms are dif fus ing back into the ma te -
rial due to po rous na ture of the sam ples thus low er ing
the equi lib rium ra don con cen tra tion in side the ac cu -
mu la tion cham ber. This phe nom e non is known as
back dif fu sion, de fined through back dif fu sion co ef fi -
cient lb [h–1], which causes an un der es ti mate of true
ra don ex ha la tion rate. How ever, if the vol ume of sam -
ple is 10 % or less, ac cord ing to the vol ume of the
cham ber,  the  back dif fu sion ef fect can be ne glected
[1, 15, 16]. The cham ber was built in this man ner and
back dif fu sion was checked for each tested sam ple.
The ini tial growth of ra don con cen tra tion was not reg -
is tered and thus back dif fu sion was ne glected (fig. 1.)
How ever, an other fac tor that could also un der es -
ti mate the true ex ha la tion rate is leak age. The cham ber
leak age is de scribed by the rate of ven ti la tion, lv [h–1],
and in this re search, it was de ter mined through ra don
de cay curves. Af ter mea sur ing back ground ra di a tion,
the cham ber with out a sam ple was sealed and ra don
de cay was mon i tored. Through the mass bal ance, the
cham ber leak age is cal cu lated as [1, 12]
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where MI and ML are ini tial slopes of ideal de cay
curves of ra don con cen tra tion in side the cham ber, in
the case of no leak age and in the case with leak age,
re spec tively (fig. 2). Cb is the ini tial con cen tra tion of
ra don in side the cham ber in leak age mea sure ment
(Cb = 16 Bq/m3), and C0 – the back ground ra don con -
cen tra tion in the lab o ra tory (C0 = 12 Bq/m3).
Since in case of no leak age, de cay curve takes
the sim ple form: CI(t) = Cbe–lt, the ini tial slope MI can
be cal cu lated di rectly as MI = –Cbl = –0.121 Bq/m3h,
where  the  value  of  ra don  de cay   con stant   l  is  used
l = 2.1⋅10–6 s–1 = 0.00756 h–1.
The ini tial slope of the curve for de cay with leak -
age is found to be ML = –0.132 Bq/m3h. By sub sti tut -
ing these val ues into eq. 1, the leak age rate is found to
be: lv = 0.0028 h–1. This re sult is con sis tent with the
pre vi ously pub lished val ues of leak age co ef fi cients
rang ing from 0.002 h–1 to 0.033 h–1 for the close cham -
bers with vol umes from 0.013 m3 to 1.5 m3 [12, 16].
By solv ing ra don mass trans fer equa tion with
ne glected back dif fu sion, ra don ex ha la tion rate can be
es ti mated as [1]
E C C V
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where C4 is the equi lib rium ra don con cen tra tion in side 
the cham ber, V – the vol ume of the cham ber, and A –
the sur face of the sam ple.
The mass ex ha la tion rate Em [Bqkg–1h–1], which
is of ten the cri te ria for eval u a tion of ma te ri als used in
build ing of apart ment houses, and the ef fec tive ra dium 
con tent Raeff [Bqkg–1], are given by [1]
E E A
mm
= 0 (3)
and
Ra eff
m
=
E
l*
(4)
where l* is the to tal re moval con stant of ra don trans -
port pro cess with ne glected back dif fu sion,  l∗ = l + lv.
EX PER I MEN TAL SETUP
For the pur pose of this ex per i ment, a spe cial
closed cham ber was cre ated (fig. 3). The cham ber was
de signed en tirely out of thick glass and it con sists of
three in de pend ent com part ments, pro vid ing mea sure -
ments with three sam ples at the same time, thus in -
creas ing the re search ef fi ciency. Each com part ment
hav ing vol ume of 0.45 m3 is tightly sealed and iso lated 
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Fig ure 1. Ra don con cen tra tion growth in time for
dif fer ent types of gran ites
Fig ure 2. The ra don de cay curves (ex per i men tal and
ideal)
from the en vi ron ment. Sam ples, from which ra don gas 
em a nates freely, are lo cated at the bot tom of each com -
part ment.
Ac tive, con tin u ous, short-term mea sure ments
were per formed by us ing SafetySiren ra don de tec tor
(Fam ily Safety Prod ucts Inc.) which is cer ti fied by En -
vi ron men tal Pro tec tion Agency. It is im por tant to men -
tion that the mea sur ing er ror of this de vice is ±15 %,
which will be out lined in the re sults.
Seven days be fore the ex per i ment cham ber was
opened and the de tec tors were placed in or der to de ter -
mine back ground ra don con cen tra tion, along with con -
cen tra tion in the cham ber, which var ied for each set of 
mea sure ments  in  the  range from 12 Bq/m3 to 32 Bq/m3.
This pro ce dure was ap plied for each set of sam ples.
The sam ples were then dried in oven at 110 ºC in
or der to elim i nate mois ture con tent and then put into
com part ments un til sat u ra tion time oc curred (5-7
days). Ra don con cen tra tion was mon i tored hourly via
Webcam and Chronolapse soft ware, since it was cru -
cial to ob serve if sud den ra don fluc tu a tions oc curred.
Chronolapse is a tool for cre at ing time lapses and stop
mo tions. It can take screenshots or webcam cap tures
(or both si mul ta neously) at user de fined in ter vals and
each change of ra don con cen tra tion on the de tec tors
was noted.
RE SULTS AND DISCUSION
Ta ble 1 shows the ra don ex ha la tion rates and ef -
fec tive ra dium con tent of the gran ite sam ples avail able 
at the Ser bian mar ket. Cal cu la tions are based on ra don
con cen tra tions mea sure ments and the ap pli ca tion of
eqs. (2-4).
The re sults for the ex ha la tion rates ranged from
0.161 Bq/m2h for Nerro Assoluto black gran ite to
0.576 Bq/m2h for Ben gal gran ite. The high est mass
ex ha la tion rate was found to be 0.678 Bq/kgh for Zim -
ba bwe gran ite, while the low est was es tab lished to be
0.167 Bq/kgh both for Nerro Assoluto and Af rica red
gran ite. The high est ra dium ef fec tive con tent was
found to be 50.23 Bq/kg in Zim ba bwe gran ite while
the low est one was 12.42 Bq/kg in Nerro Assoluto and
12.37 Bq/kg in Af rica red gran ite.
Mea sure ments of the ra don ex ha la tion rate from
33 sam ples of granite avail able on the Ca na dian mar ket
for in te rior home dec o ra tion [13] and 32 sam ples of
gran ite mainly from Saudi Ara bia, but also im ported
partly from other coun tries [17], pro duced sim i lar re -
sults to each other: from non de tect able val ues to al most 
11 Bq/m2h, with an avarage of less than 2 Bq/m2h.
More over, the ef fec tive ra dium con tent ranged from
13.3 Bq/kg to 225 Bq/kg [17]. Based on these data and
the val ues given in tab. 1, we con clude that gran ites
used in Ser bia have low level of ra dio ac tiv ity, but with
con sid er able vari a tion from sam ple to sam ple.
CON CLU SION
Closed cham ber spe cially de signed, with three
in de pend ent com part ments and low leak age of ra don,
en abled the ac tive and con tin u ous mea sure ments of
ra don ex ha la tion us ing com mer cially avail able Safety
Si ren de tec tors. The re sults ob tained for the seven
gran ite sam ples sold on Ser bian mar ket show a low
level of ra don ex ha la tion and an ef fec tive con tent of
ra dium, but also sig nif i cant dif fer ences be tween the
sam ples. Hence, us ing this sim ple and quick mea sur -
ing tech nique the char ac ter iza tion of con struc tion ma -
te ri als on ra don em a na tion can be per formed
successfully.
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Fig ure 3. Cham ber as sem bly for ra don ex ha la tion
mea sure ments
Ta ble 1. Ra don ex ha la tion rates from var i ous gran ite sam ples
Source Mass [kg] Ex ha la tion rate[Bqm–2h–1]
Mass ex ha la tion rate
[Bqkg–1h–1]
Ef fec tive ra dium con tent
[Bqkg–1]
Nerro Assoluto 0.867 0.161 ± 0.024 0.167 ± 0.025 12.42 ± 1.86
Af rica red 1.345 0.249 ± 0.037 0.167 ± 0.025 12.37 ± 1.85
Gran ite from Kopaonik 0.723 0.215 ± 0.032 0.266 ± 0.039 19.71 ± 2.95
Im pala gran ite 0.821 0.217 ± 0.032 0.238 ± 0.035 17.63 ± 2.64
Gran ite from Jablanica 0.950 0.493 ± 0.074 0.467 ± 0.070 34.65 ± 5.19
Zim ba bwe 0.623 0.469 ± 0.070 0.678 ± 0.101 50.23 ± 7.53
Ben gal 0.928 0.576 ± 0.086 0.564 ± 0.084 41.78 ± 6.26
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JA^INA  EKSHALACIJE  RADONA  IZ  GRANITA
KOJI  SE  KORISTE  U  SRBIJI
U nameri da se obrati pa`wa na ekshalaciju radona iz gra|evinskog materijala, odre|ena 
je ja~ina ekshalacije radona razli~itih gra ni ta koji su raspolo`ivi na tr`i{tu u Srbiji. Ja~ina
ekshalacije radona, zajedno sa masenom ja~inom ekshalacije i efektivnim radijumskim sadr`ajem,
odre|ena je metodom zatvorene komore i postupkom aktivnog neprekidnog merewa radona. Za ovo
istra`ivawe na~iwene su posebne komore, proverene na povratnu difuziju i curewe, a izmerene
vrednosti koncentracije radona upotrebqene su u prora~unu ekshalacije. Ja~ina ekshalacije
radona   iznosila  je  od  0.161  Bq/m2h  do 0.576  Bq/m2h, masena ja~ina ekshalacije od 0.167 Bq/kgh do
0.678 Bq/kgh, dok je efektivni sadr`aj radijuma bio od 12.37 Bq/kg  do 50.23 Bq/kg. Rezultati ukazuju
da su graniti kori{}eni u Srbiji sa niskim nivoom ekshalacije radona.
Kqu~ne re~i:  222Rn, ra don u zatvorenom prostoru, ekshalacija radona, radonska komora,
......................... granit
